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The Hunter Valley region is undergoing substantial industrial 
growth. Recently, much interest has focused on the need for 
information to enable the impact of new industries on the 
environment to be assessed. 
This technical report gives background concentrations of 
fluoride in selected flora and fauna of Kooragang Island and 
presents biochemical techniques for assessing the onset of 
fluoride injury to plants. This information will contribute 
to a better understanding of the concentrations of fluorides 
found in ecosystems adjacent to major fluroide-emitting 
industries. 
The work presented in this technical report was funded by 
the State Pollution Control Commission through its Research 
Grants Scheme. The conclusions in the report are those of 
the author and are not necessarily endorsed by the Commission. 
State Pollution Control Commission 
November 1980 
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Fluorides in selected plant and animal species on Kooragang 
Island were measured to establish whether, and to what 
extent, they were concentrated in the food chain. 
Levels of the enzyme peroxidase and the photosynthetic 
pigment chlorophyll a in leaves of the grey mangrove were 
determined and related to fluoride levels. 
The proposition that peroxidase and chlorophyll a levels may 
be indicators of early invisible plant damage is-investigated. 
Findings at Kooragang Island sites are compared with those 
from control sites in a relatively unpolluted environment. 
The capacity or otherwise of Kooragang Island soils to make 
















SUMMARY OF CONCLUSIONS 
The environment of the south-eastern section of Kooragang 
Island shows visible evidence of damage, some of which may 
be attributed to fluorides. Measurements of fluoride 
concentrations in mangrove, glasswort, seablite, pigface, 
water couch, Salinator, house mice, insects and soils 
indicate elevated levels in these elements of the Kooragang 
Island environment when compared with the values obtained at 
an ecologically similar but relatively unpolluted environment 
at Karuah. Evidence is presented which indicates that 
fluorides are transmitted from vegetation to herbivores and 
on to carnivores along food chains. 
Generally, there is close agreement between the fluoride 
concentrations reported in this study and the concentrations 
found in ecologically similar species studied overseas. This 
agreement applies both to the concentrations in fluoride-
polluted areas and to those at control sites. 
A study to determine the usefulness of an enzyme, peroxidase, 
and a photosynthetic pigment, chlorophyll a, as measures of 
"hidden injury" to plants demonstrated that these measures 
have a useful role to play in pollution surveys. The leaves 
of the mangrove, Avicennia marina, collected from sites on 
Kooragang Island had approximately twice the peroxidase 
activity and chlorophyll a content of leaves of the same 
species and age collected-at the control sites. This may 
have been caused by damage to the membrane structures within 
cells on a scale not sufficient to lead to changes evident 
by visible inspection. Measures'of this type should be 
further developed as tools in the investigation of the 




The development of energy resources in the Hunter Valley has 
given rise to proposals to dramatic~lly increase the aluminium 
smelting capacity of the region. The sites proposed indicate 
that, for economic reasons associated with the need to 
transport bulk materials through the port of Newcastle, much 
of this smelting capacity may be constructed close to the 
Hunter River estuary. 
Three major industrial sources of fluorides are currently 
located on or close to Kooragang Island, a reclaimed island 
in the Hunter River estuary. Complaints by residents of 
Stockton, a residential area located close to Kooragang 
Island (Figure 1), led to the establishment in 1972 of a 
Commission of Inquiry to i'nvestigate pollution from Kooragang 
Island. The Inquiry was conducted by Mr E J Coffey, and its 
findings were published (State Pollution Control Commission 
1973). The report stated that significant levels of fluoride 
existed on and around Kooragang Island. It also concluded 
that a large part of the undisturbed area of the island 
should be preserved in its natural state, together with an 
area around and adjacent to Fullerton Cove. 
The Hunter River estuary is particularly significant as a 
habitat for migratory birds. The Kooragang Island and 
Fullerton Cove area represents one of the three most important 
habitats for migratory birds in New South Wales (Moss 1977). 
The National Trust has proposed that 800 hectares of the 
north-eastern corner of Kooragang Island be declared a 
nature reserve to protect the diversity of wildlife in the 
area (National Trust 1972). 
As a signatory to the "Convention on Wetlands of International 
Importance Especially as Waterfowl Habitat", which came into 
force in December 1975, Australia has agreed to promote the 
conservation and management of wetlands to increase waterbird 
populations and to encourage other wetland flora and fauna. 
In addition, the "~greement between the Australian Government 
and the Government of Japan for the Protection of Migratory 
Birds and Birds in Danger of Extinction and their Environment", 
which was signed in early 1974, requires Australia and Japan 
to cooperate in the management of birds which migrate between 
the two countries. Of the 66 species covered by the agreement, 
35 have been recorded in the Hunter River estuary. 
In view of the ecological significance of the Kooragang 
Island area, concern has been expressed about the accumulation 
of fluoride in the island's vegetation. The concentration of 
----- --------
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fluoride in mangroves on Kooragang Island varies with 
seasonal and other factors, but levels as high as 1188 pg 
F/g dry weignt in December 1976, 1169 pg F/g in September 
1977 and 1336 pg F/g in June 1978 have been recorded by the 
State Pollution Control Commission (1979). Background 
concentrations are reported by Weinstein (1977) to be 
between 2 and 20 pg F/g. 
I 
Despite these high levels, proposals have been made for the 
construction of an aluminium smelter at Tomago. It seems 
likely that the construction of a smelter at this site would 
further increase the fluoride input to the Kooragang Island/ 
Fullerton Cove ecosystem. 
There is evidence that damage to the wildlife of the area 
may result from the passage of fluorides along food chains, 
starting with uptake and concentration of fluorides by 
vegetation and followed by· the accumulation of fluoride in 
the tissues of grazing wildlife eating contaminated foliage 
and then in carnivorous animals eating the herbivores. 
Overseas evidence for this suggestion is reviewed in this 
report. 
This study was undertaken to investigate fluoride 
concentrations in the vegetation and wildlife of the area 
and to evaluate the possible environmental effects of 
fluorides on elements of the Kooragang Island ecosystem. 
The project also aimed to investigate the suitability of a 
technique reported overseas for the examination of "hidden 
injury" symptoms of fluoride by means of assays for 
chlorophyll and the enzyme peroxidase. The results of both 
sets of investigations are reported. 
The State Pollution Control Commission assisted with the 




Meteorological data from Williamtown suggest that the wind 
over Kooragang Island from 9 pm until shortly after sunrise 
is from the west to north-west sector on approximately 70 per 
cent of the days of the year. Under these conditions the 
pollutants emitted from establishments on Kooragang Island, 
and to some extent from the heavy industrial area of Newcastle, 
are advected in an east to south-east direction towards the 
Stockton Peninsula and the eastern sector of the city of 
Newcastle. This condition persists throughout the day on 
50 per cent of the days in winter. 
During the daylight and early evening hours the wind is 
predominantly from a south-east or easterly direction. 
These winds, often late-afternoon sea breezes, blow the 
emissions ,from Kooragang Island and the heavy industrial 
area of Newcastle in a north-west or westerly direction. In 
some cases the emissions from Kooragang Island may be blown 
out to sea by.westerly winds during the night and early 
morning, only to be blown back again by south-easterly winds 
and sea breezes as the day progresses. 
Temperature inversions can trap air pollutants in a blanket 
of cold air if the pollutants are emitted below the inversion 
top with insufficient velocity and buoyancy to penetrate the 
upper boundary layer. 
Inversions are common in the area, being present at 5 am on 



















At each site vegetation samples were collected so as to 
represent the plant sampled as a whole, particularly with 
regard to leaf age, aspect towards the emissions source and 
height above ground. The sampled leaves were immediatley 
brought back to the laboratory and washed for 30 seconds in 
0.5% tetra sodium EDTA and Alconox, followed by a rinsing in 
distilled, deionized water for a further 30 seconds. They 
were then dried for 24 hours in an oven maintained at 80°C, 
after which they were ground to pass a 40 mesh in a Wiley 
hammer mill. Subsequent analysis was by the method of the 
Association of Official Arialytical Chemists (1975) using an 
Orion fluoride electrode. 
Site selection 
Six sites were selected on the eastern edge of Kooragang 
Island. The selection of sites was limited to areas carrying 
communities ol Avicennia marina, and thus to the relatively 
undisturbed parts of the island, so the opportunity to 
investigate the relative contributions of the various 
fluoride sources to ambient fluoride levels was very limited. 
Another site close to a turkey farm in Fullerton Cove was 
chosen as a relatively unpolluted site, and a further site 
on the Karuah River, 35 km north-east of Kooragang Island, 
was used as a control area. The site plan for Kooragang 
Island is illustrated in Figure 1. 
Gastropod analysis 
Salinator salida found inhabiting the Salicornia belt of the 
salt marsh were collected for analysis. 
About 40 animals from each site were washed with distilled 
water and dried overnight at 100°C. The shell and soft 
tissue were then separated. The dried soft tissue was 
ground to a fine powder with a mortar and pestle, and analysed 
for fluoride content following the method of Wright and 
Davison (1975). 
In this method, 200 mg of dried tissue is fused with approx-
imately 1 g KOH in a nickel crucible over a spirit burner. 
Following dissolution, the molten mass is allowed to harden 
and is then crushed with a spatula. It is then neutralized 
with 5 M H2S04, and buffered to pH 5.5 using 0.5 M tri-
sodium citrate/0.5 M potassium nitrate buffer. The solution 
is then made up to 25 mL with distilled water and analysed 
using the fluoride electrode. 
..-----------------------------~--~~ --~-----------, .. -~ 
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Small mammal analysis 
Longworth small-mammal traps baited with peanut butter and 
rolled oats were established at each site for three days per 
week for four weeks. All s were moved each day. 
Only Mus musculus were caught, and these animals were sexed, 
weighed and dissected. Excess tissue was removed from bone 
by boiling for one hour in distilled water. Samples were 
then ashed overnight at 550°C in a muffle furnace. The 
skeleton was ground to a fine powder with a mortar and 
pestle, and analysed for fluoride content by the method of 
McCann (1968) as modified by Stewart et al (1974). In this 
method, 50 mg of the dry, pulverized bone tissue is dissolved 
in 5 mL 0.5 M perchloric acid. To this is added 20 mL of 
0.5 M tri-sodium citrate, and the solution is analysed for 
fluoride using a fluoride electrode. Each animal caught was 
analysed in duplicate. 
Sampling of leaves for chlorophyll and peroxidase analysis 
Leaves of the mangrove Avicennia marina were collected from 
the sites illustrated in Figure 1. Because peroxidase 
activity is associated with stress induced by disease or 
senescence (Birecka et al 1979), the second-youngest fully 
developed leaves were used in all cases. Only leaves which 
were disease-free and intact were collected. Twenty pairs 
of leaves were collected from each specimen for peroxidase 
and chlorophyll assays, and a similar quantity was collected 
for fluoride determinations. The leaves were stored in 
plastic bags and brought back to the laboratory. All 
peroxidase assays and chlorophyll determinations were 
undertaken on the day the leaves were collected. Leaves 
were weighed fresh and analysed for fluoride content when 
both washed and unwashed. All analyses were in duplicate. 
Peroxidase and chlorophyll analysis 
The peroxidase assay was based upon the method described by 
Horsman and Wellburn (1975) and the chlorophyll assay on 
that outlined by Mackinney (Vishniac 1957), but incorporated 
modifications required to suit the halophytic material 
used. 
The leaf material was cut finely with scissors, and 3 mL of 
a solution at pH 7.8 containing 0.1 M MgCl2, 0.04 M Tris 
HCl buffer, 0.25 mM Na2 EDTA and 5.0 mM glutathione was 
added to a weighed amount of leaf material. This mixture 
was then homogenized in an ice-bath using a Sorvall Omnimix 
at 50 000 revs/min for l min, and the homogenate was centri-
fuged for 30 min at 15 000 g at 4°C. 
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The pellet was reserved for chlorophyll determinations, and 
the supernatant was mixed with 3 mL of 10 mM guaiacol in 
0.01 M potassium phosphate buffer at pH 6.0 in a glass 
spectrophotometer cell. The OD470 nm was read, and then 
10 pL 0.5% v/v H202 was added and a stopwatch started. 
The OD470 nm was read at 0, 60 and 180 seconds. 
5 rnL of methanol was added to the pellet produced by 
centrifugation, and the material was resuspended and centri-
fuged again for 15 min at 13 000 g and 4°C. This was 
repeated three times. The supernatants were then combined 
and diluted to 20 mL with methanol, and the OD665 nrn and 
OD650 nm were measured. 
The peroxidase and chlorophyll analyses were initially 
replicated 16 times for e~ch site and each sampling occasion. 
This was later reduced to 8 analyses per sample. 
Soil analysis 
As the form of fluoride in soils which is most readily 
available to plants is water-soluble fluoride, only this 
form was measured. Soils to a depth of 7 em were collected 
at each site. The material was then air-dried and sifted to 
pass a 250 pm mesh sieve. The analysis followed a modified 
version of the Larsen and Widdowson (1971) method. 1.1 g 
CaCl2 was added to 1 L of TISAB, prepared according to 
the method of Dolan et al (1978), and l g of soil was then 
added to 3 mL of the TISAB/CaCl2 solution. This mixture 
was placed on an end-over-end shaker for 16 hours, and 





RESULTS AND DISCUSSION 
Fluoride in Avicennia marina 
The accumulation of fluoride in Avicennia marina was 
greatest at site 2, where the mean fluoride concentrations 
were.almost double those at the next most heavily polluted 
sampling point, site 5 (see Table 1). The control sites 
showed very low fluoride concentrations, individual values 
rarely exceeding single figures. All the non-control sites 
showed elevated fluoride concentrations well above the 
background concentration reported by Weinstein (1977) of 2 
to 20 pg/g dry weight. The mean fluoride content of washed 
vegetation (131 ± 54 pg F/g) was considerably less than 
the mean fluoride content of unwashed vegetation samples 
(207 ± 77) for the six Kooragang Island sites. 
When the data on fluoride concentrations in Avicennia are 
analysed by month for sites 1 to 6 (Figure 2), large 
standard errors are evident. The standard errors may be 
attributed to the large differences in fluoride concentrations 
between individual sites (Table 1). Several individual 
values in excess of 1000 pg/g dry weight were found in July, 
and this was reflected in the high mean values obtained for 
this month. December was also found to be a month of 
fluoride accumulation. In comparison, the control values 
showed no significant variation in the fluoride content of 
Avicennia with season. It is suggested that the fall in 
foliar-fluoride concentrations at the Kooragang Island sites 
between July and December may have been influenced mainly by 
the strong foliar growth observed in this season, causing a 





TABLE l Fluoride Content of ~'lashed and Unwashed Leaves of 
Avicennia marina Collected between July 1979 and 
January !"980 
Site •rreatment Number of Mean Fluoride Standard 
Samples Content in Error or 
JJg F/g Mean 
l Unwashed 5 189 56 
l Washed 7 81 32 
2 Unwashed ll 550 89 
2 ~'~lashed 12 384 70 
3 Unwashed 5 71 2 
3 Washed 9 52 11 
4 Unwashed 5 85 30 
4 Washed 7 69 23 
5 Unwashed 4 291 35 
5 Washed 7 168 26 
6 Unwashed 7 58 10 
6 Washed 9 31 3 
Turkey Farm Unwashed 6 4 2 
Turkey Farm Washed 6 3 0.3 
Karuah Unwashed 6 3 l 
Karuah Washed 8 2 1 
Chlorophyll content of Avicennia marina 
As may be seen from Table 2, the chlorophyll a, chlorophyll b 
and total chlorophyll content of Avicennia marina collected 
at the Kooragang Island sites during September-October 1979 
exceeded the values for specimens collected at Karuah, but 
were slightly less than the values for samples from Turkey 
Farm. A very similar picture emerges when the results for 
TABLE 2 Chlorophyll and Fluoride Content of Avipennia 
marina Leaves Collected in September-October 
1979. Mean of 16 Determinations per Site 
Site Chlorophyll content in 
mg Chl/g fresh weight 
Fluoride content 
pg F/g dry weigh 



















































the November-December collections are examined (Table 3). 
The lowest leaf chlorophyll concentrations were at Karuah, 
site 2 and site 3. Individual patterns for chlorophyll a 
and chlorophyll b do not appear to bear any relationship-
to the observed foliar-fluoride concentrations. These 
findings do not agree with those of Rabe and Kreeb (1979), 
who reported a clear connection between chlorophyll a 
concentrations and the level of pollution close to a-power 
station, with the test plants having a lower chlorophyll 
level than the control plants. 
TABLE 3 Chlorophyll and Fluoride Content of Avicennia 
marina Leaves Collected in November-December 
1979 .~~an of 8 Determinations per Site. 
Site Chlorophyll content in 
mg Chl/g fresh weight 
Fluoride content in 
pg F/g dry weight 

























































Horsman and Wellburn (1975) found that nine-day-old pea 
seedlings (Pisum sativum) showed a significantly reduced 
chlorophyll content when fumigated with concentrations of 
between 0 and 2.0 ppm of S02, but had an increased chlorophyll 
content when fumigated with 0.1 to 1.0 ppm N02. Williams 
et al (1971) suggested that the acidification of cell contents 
resulting from S02 fumigation gives rise to a differential 
response by chlorophyll a and chlorophyll b, with chlorophyll a 
being degraded to a much-greater extent than chlorophyll b. 
There are currently no published data concerning this effect 
following fluoride fumigation, but the absence of any clear 
change in the chlorophyll a/b ratios in this study may 
indicate that fluoride fumigation has an effect on chloro-
phylls more complex than a differential sensitivity to 
acidification of the cell contents. 
Peroxidase activity in Avicennia marina 
The results of the assays of peroxidase activity show a 
pronounced increase in peroxidase aciivity at the Kooragang 
Island sites when compared with the control values of the 
Karuah data (Tables 4 and 5). A surprising feature of the 
results is that the peroxidase activity of the Avicennia 
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Figure 2 Foliar Fluoride Content of Avicennia marina Leaves, Sites I to 6, 
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similarity with the peroxidase activity of the leaf material 
collected from the Kooragang Island sites. This suggests 
that the Fullerton Cove plants were subject to some stress. 
The fluoride-content data clearly show that this stress was 
not the result of fluoride fumigation. In addition, since 
all the leaves collected were disease-free and only the 
second-youngest mature pairs of leaves were chosen, the 
stress could not be disease-induced or associated with 
senescence, which can lead to increased peroxidase activity 
(Birecka et al 1979). Conclusive explanations of the 
increase in peroxidase activity at the Fullerton Cove site 
are not apparent. 
Inspection of the data in Tables 4 and 5 reveals that there 
is no correlation between peroxidase activity and fluoride 
content. This result is not unexpected, as peroxidase 
activity is presented as an indicator of leaf injury. 
Treshow (1969) has claimed that no correlation has ever been 
shown between foliar-fluoride uptake and leaf damage, 
although such a claim ignores the work of Adams et al 
(1957). The mechanisms by which fluoride is taken up by 
leaves are complex, and are determined by internal factors 
such as stomatal rhythm as well as external factors such as 
the pattern of exposure, climatic factors and other environ-
mental factors. Accordingly, the concept of a "threshold" 
of fluoride damage to plants is loosely conceived and cannot 
be rigorously applied, as the threshold for fluoride damage 
to a particular species may span a wide range of air-fluoride 









Peroxidase Activity and Fluoride Concentration of 
Avicennia marina Leaves Collected in September-
October 1979 
Peroxidase activity 


























Linear-regression analysis and Student's t distributions 
indicated that there were no significant associations 
between peroxidase activity and chlorophyll b concentration, 
total chlorophyll content or the chlorophyll-alb ratio. 
This is consistent with the concept that fluoride seems to 
raise chlorophyll levels by damaging the chloroplast membrane 
20 
TABLE 5 Peroxidase Activity and Fluoride Concentration of 




































(Lhoste and Garrec 1975) releasing some of its contents, and 
by stimulating some of the chlorophyll precursors to produce 
more chlorophyll, rather than by having an overall effect on 
cellular metabolism through increasing acidity. Structural 
damage to thalacoids may increase peroxidase activity, as 
hydrogen fluoride fumigation and mechanical abrasion have 
been observed to increase peroxidase activity (Lee et al 
1966). However, if there is stimulation to chlorophyll-
precursor activity and thalacoid lysis due to the association 
of chlorophyll b with membranes,. a differential response 
between chlorophyll a and chlorophyll b may be expected to 
result from hydrogen-fluoride fumigation. 
As may be seen from Figure 3, there was a correlation 
significant at the 2 per cent level (Student's t distribution) 
between peroxidase activity and chlorophyll content. It has 
been reported by Rudolph and Bukatsch (1967) that peroxidase 
has a stabilizing effect on chlorophyll. It has been 
suggested that the dislocation of cell membranes associated 
with fluoride fumigation extends to the chloroplasts (Lhoste 
and Garrec 1975), inducing an increase in peroxidase activity 
and the anthocyanosis frequency observed after hydrogen 
fluoride fumigation, and the control exercised by peroxidase 
over chlorophyll may therefore be lost in the structural 
disruption of the chloroplasts. This may lead to symptoms 
of leaf senescence (Keller and Schwager 1971), and the 
association found here between peroxidase activity and 
chlorophyll a concentration may be a function of this loss 
of control of chloroplast activity prior to the disruption 
of intra-thylacoidal spaces of grana. As none of the leaves 
selected for these assays demonstrated visible chlorosis or 
necrosis, these biochemical changes occurred below the 
visible-injury threshold. Consequently, this represents 
evidence of "hidden injury" in Avicennia marina resulting 
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Figure 3 The Relationship between Peroxidase Activity and Chlorophyll Q Content 
of Avicennia marina on Kooragang Island ond Karuah 
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Chlorophyll a and peroxidase activity as assays for invisible 
injury 
The use of chlorophyll a content and peroxidase activity as 
techniques for the determination of invisible injury in 
Avicennia marina may be tentatively supported. On the basis 
of the work of Keller and Schwager (1971) and Keller (1974), 
peroxidase activity may generally be a good air-pollution 
injury indicator, at least in the case of many hardwood 
trees. It must also be pointed out, however, that the 
usefulness of enzyme activity and chlorophyll a content as 
indicators may be restricted by the evidence that they are 
sensitive to a variety of stresses found naturally in the 
field. In the case of peroxidase these stresses include 
disease and mechanical injury. Consequently, sampling sites 
must be carefully chosen and the results obtained assessed 
only after taking possible physiological and environmental 
stresses into considerati9n. Work currently in progress at 
the Boyce Thompson Institute at Cornell University, New 
York, is aimed at determining the pattern of peroxidase 
isoenzyme activity after fumigation (Weinstein, Boyce 
Thompson Institute, personal communication). This opens up 
the possibility of the development of assays for peroxidase 
isoenzymes which would reveal patterns of isoenzyme activity 
specific to air-pollutant-induced damage to plants. 
Despite these problems in the evaluation of possible 
air-pollution damage to vegetation, especially at air 
concentrations of pollutants below the threshold of necrosis, 
enzyme assays and chlorophyll determinations appear to have 
a useful role. The most promising assays currently appear 
to be peroxidase activity and chlorophyll a concentrations 
in leaf tissue. Work in progress in various centres around 
the world appears likely to elucidate firmer guidelines in 
the application of these techniques, in particular with 
regard to the most suitable material, threshold levels, 
interferences and specificity of effects. 
Fluoride in subordinate vegetation 
The grass Paspalum paspaloides showed the highest mean 
fluoride content of the species of subordinate vegetation 
sampled at the Kooragang Island sites (see Table 6). The 
other species samples were halophytes, which exhibit a small 
surface area to volume ratio in comparison with mesophytes. 
On this basis alone it was to be expected that the Paspalum 
paspaloides, the only mesophyte sampled in the subordinate 
vegetation, would contain the highest fluoride concentrations. 
The value of 56.4 pg F/g for the mean fluoride concentration 
of the Paspalum paspaloides at the Kooragang Island sites 
exceeds the value recommended by Suttie (1969) for the 
yearly average maximum fluoride content of forage, when 
sampled monthly, of 40 pg F/ g. The Paspalum paspaloides 
sampled was collected in July, August, October, February and 
March at four sites on Kooragang Island and at the control 














average sampled monthly, but they do indicate, both by the 
mean of 56.4 pg F/g and by the range of 13 to 138 pg F/g, that 
there is a potential for damage to grazing animals, which in 
this situation would be restricted to grazing wildlife. 
It should be noted that the data presented here refer to 
washed tissue. It may be expected that the fluoride concentr-
ation of unwashed tissue, as consumed by grazing animals, 
would be of the order of 50 per cent above these values. 
When subordinate vegetation is analysed by site (Table 7) it 
can be seen that all the sites showed foliar-fluoride 
concentrations considerably higher than the values found for 
Karuah. Site 2 was found to have the highest fluoride 
concentrations. 
TABLE 6 Fluoride Content of Understorey Species Collected 

























TABLE 7 Mean Fluoride Content of Understorey Species 
at Different Sites 
Site Number 
Species 1 2 3 5 Turkey Karuah 
Farm 
Carpobrotus glaucescens 20* 42 21 15 none available 
Suaeda australis 14 32 6 8 14 0.1 
Salicornia quinqueflora 24 35 4 10 0 2 
Paspalum paspaloides 28 .97 26 52 12 3.9 
*pg F/g dry weight 
J 
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Fluoride in the house mouse, Mus musculus 
The data presented in Figure 4 demonstrate that the 
concentrations of fluoride in the skeletons of the house 
mouse, Mus musculus, caught at the sites on Kooragang Island 
were higher than those in the control samples caught at 
Karuah. 
Table 8 shows the results of a breakdown of the data. As 
expected, there was no significant difference between the 
mean skeletal fluoride concentration of males and females. 
There was, however, a difference between the mean fluoride 
concentration of juvenile and adult mice. Newsome (1969) 
suggested that 12.5 g can be taken as the marker to different-
iate between juvenile and adult Mus musculus under temperate 
Australian conditions. On this basis, juvenile mice had 
a lower skeletal fluoride concentration (2520 ± 184 pg 
F/g) than adult mice (3115.± 268 pg F/g). This result 
is in agreement with published data concerning cattle, which 
show an increase in skeletal fluoride concentration with age 
irrespective of whether they are fed on fodder with elevated 





Skeletal Fluoride Concentration of Mus musculus 
Collected from Kooragang Island: Sex and Age 
Related Factors 
----
Mean fluoride Number Standard 
content pg F/g Error 
2946 8 302 
2783 9 307 
Adult (>12.5 g) 3115 I 11 268 
I 
Juvenile (<12.5 g > I 2520 Ll 184 --------· ----· 
However, analysis of the data reveals that the differences 
between the skeletal-fluoride concentrations at the different 
Kooragang Island sites cannot be attributed to the age of 
the specimens caught (using weight as a guide). The ratio 
of the numbers of juvenile mice to adult mice caught at each 
site was 0.67 for site 1, 0.63 for site 2, 0.50 for site 3, 
0.33 for site 4 and 0.25 for Karuah. 
Concentrations of fluorides in terrestrial vertebrate wildlife 
Elevated fluoride concentrations have been reported in the 
tissues of various terrestrial vertebrates. The symptoms of 
fluoride uptake in wildlife are essentially similar to the 
symptoms in cattle described by Suttie (1977). Robinette et 
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Figure 4 Fluoride Concentrations in Mus musculus 






















































in mule deer, Odocoileus hemionus hemionus, and Newman and Yu 
(1976) and Newman and Murphy (1979) outlined fluorosis symptoms 
in black-tailed deer, Odocoileus hemionus columbianus. 
Table 9 summarizes much of the literature concerning fluoride 
concentrations in vertebrate wildlife. 
In view of the Karuah data and other information relating to 
overseas studies, it must be concluded that the elevated 
concentrations of fluoride in the bones of mice caught on 
Kooragang Island are attributable to elevated fluoride 
concentrations in the diet of these mice. House mice are 
omnivorous, and examination of the stomach contents and 
faecal pellets indicated that the animals in the study area 
had a diet which featured a high proportion of insects. 
Preening may also be responsible for significant fluoride 
ingestion, but fluoride inhalation would contribute a 
negligible amount (Smith and Hodge 1979). 
It is not known at this stage what physiological effects 
would be associated with the observed skeletal fluoride 
concentrations. Generally the data presented on Mus musculus 
agree well with the literature for Sorex and MicrotUs 
presented in Table 9. No published data have been found 
relating to fluoride in Mus. The slightly higher control 
values found here for Mus-could be related to interspecific 
differences, and perhaps to a higher average fluoride intake 
at the control site due to marine-derived food sources, 
which are higher in fluoride concentration than terrestrial 
food sources. The choice of this control site was dictated 
by the need to provide ecological similarity with the 
Kooragang Island sites. 
Fluoride in a gastropod, Salinator salida 
The data on Salinator salida fluoride content, as demonstrated 
by soft-tissue analysis, show a considerable concentration 
in animals found at sites 2 and 3 (Figure 5). Salinator 
grazes on the microflora of the surface layer of the inter-
tidal zone. Particulate deposition and uptake or adsorption 
of hydrogen fluoride and other gaseous fluorides would lead 
to an accumulation of fluorides on the soil surface of this 
zone, although it could be expected that any material 
deposited from the air would be flushed and diluted by tidal 
inundation. An accumulation of fluoride in the soft tissues 
of intertidal feeders was therefore not expected. This 
sampling was undertaken in June and July 1979, when Avicennia 
marina foliar-fluoride concentrations were high, so the 
values obtained in this period may not be representative of 
the year as a whole. Salinator salida was not available on 
other sampling occasions. 
The data presented here contrast markedly with the data 
presented by Wright and Davison (1975), who collected 
Mytilus edulis, the edible mussel, and found very low values 
for the fluoride content of soft tissues. On a wet-tissue 




foot, adductor muscle and mantle, and less than 1.5 pg F/g 
for gills, in control areas. After the containment of 
Mytilus edulis in 30 ppm F- for 96 h the maximum individual 
value for soft tissue was 50 pg F/g wet weight. 
Even allowing for the difference between wet~weight and dry-
weight values for fluoride concentration, the discrepancies 
between fluoride concentrations in these two species is 
surprising. In the absence of further data, no suggested 
explanations can be presented, other than to attribute this 
difference to interspecific variability. The data of 
Hemens and Warwick (1972) indicate that this may be the 
case, as they found control-fluoride values for total body 
fluoride in ashed samples of the mud crab Tylodiplax blepha-
riskios to be 169.6 pg F/g dry weight, and the values for 
the sand shrimp Palaemon pacificus to be 106 pg F/g dry 
weight, for the prawn Penaeus indicus 374.0 pg F/g dry 
weight, and for the mullet Mugil cephalus 141.8 pg F/g dry 
weight. Soft-tissue values would be considerably below the 
values stated by Hemens and Warwick, owing to the relatively 
higher fluoride values in hard tissues compared with soft 
tissues. 
Fluoride in the pelican Pelecanus conspicillatus 
At various times during the sampling period dead pelicans 
were found at site 1, which is frequented by a colony of 
feeding pelicans. The cause of the death of these pelicans 
is not known, but the carcasses had been fed upon by earn ,. 
The femurs of the dead pelicans were removed and analysed irt 
duplicate for fluoride content by the method described for 
Mus. The means obtained from the duplicate analyses are 








Fluoride Content of Pelican Femurs Collected at 
Site 1 






*in pg F/g dry fat-free bone 
The mean concentration, 3495 pg F/g, represents a concentra-
tion which is within the expected range for birds feeding on 
a diet with a significant fish content. The fluoride 
content of fish is higher than the fluoride content of many 
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Figure 5 Fluoride Content of Soft Tissu~ of 
Salinator solido at Kooragang Island 





Of the gulls, oystercatchers, stilts and pukekos analysed 
for fluoride concentration by Turner et al (1978) in New 
Zealand, only the red-billed gulls had higher fluoride 
concentrations than the Kooragang pelicans. However, the 
birds collected by Turner were shot, whereas the Kooragang 
pelicans were collected as dead animals. The Kooragang 
pelicans may therefore represent older birds than the New 
Zealand birds, and in general older birds tend to have 
higher fluoride levels than younger birds (Stewart et al 
1974). Accordingly, it must be concluded that the analytica 
data on pelicans do not represent elevated fluoride conce 
ations, and fall within the reported range of bone-fluoride 
concentrations for birds with a significant fish diet. 
Fluoride in invertebrates 
The results of the fluoride analysis of insects are listed 
in the Appendix, and show substantial fluoride accumulation 
in the insects collected on Kooragang Island when compared 
with similar samples collected from Karuah. In most cases 
the concentrations of fluoride in Kooragang insects are at 
least double the fluoride concentrations of the same family 
of insects collected at Karuah. As many Australian insects 
are not well described, no attempt was made to classify the 
insects collected beyond the family level. In some cases 
pooling of samples at the family level was necessary in 
order to obtain sufficient material for analysis. In these 
cases the data relate to samples of various families within 
the order stated. 
The high fluoride content of predatory insects leads to the 
suggestion of fluoride movement along food chains, as it is 
most likely that this fluoride was obtained from food 
sources which were themselves high in fluoride content. On 
the basis of these data, fluoride concentrations do not 
appear to be magnified as they are passed along food chains, 
as has been shown to occur in the case of some pesticides. 
Generally, the highest fluoride concentrations were found in 
the slaters (Armadillididae), which are soil-dwelling 
invertebrates. The high fluoride concentration in slaters 
may be associated with soil fluoride, which is discussed 
later in this report. It is not clear from this work, 
however, how much of the fluoride measured was due to 
ingestion or surface contamination. 
The data for Australian Fluorine Chemicals (shown as AFC in 
the Appendix) relate to a light trap established within 
the perimeter fence of the Australian Fluorine Chemicals 
plant, which is shown in Figure 1. 
The results presented here are generally in agreement with 
the overseas literature. Carlson and Dewey (1971) found 
fluoride concentrations in insects collected around a 
Montana aluminium smelter of between 6.1 and 406 pg F/g dry 
weight. The mean of these values was 87.4 ~g F/g dry 
weight, with a standard error of 24.33. The corresponding 
values for their control sites showed a range of values from 
1 




ht the mean being 8.9 pg F/g dry 
error 1.45. The highest fluoride 
the pollinating insects. 
The effects these elevated fluoride concentrations on the 
insect populat and on animals feeding on the insects are 
not known. Howeveri genet damage resulting from the 
exposure of insects to fluoride has been shown by Mukherjee 
and Sobels (1968). Gerdes (1971) found a slight increase in 
the recessive mutation rate in Drosophila when hydrogen 
fluoride was ied at concentrations similar to those 
found around erniss sources Gerdes et al (1971) found 
that the survival of Drosophila melanogaster after fumigation 
with hydrogen fluoride for six weeks was linearly related to 
the fluoride concentration, and suggested that tolerance to 
fluoride of Dros.?J?_tlil~ was influenced by genotype. 
Vogel (1973) that fluoride treatment of Drosophila 
melanogaster oocytes resulted in a pronounced dose-dependent 
decrease in -fertility and fecundity. Exposure of mature 
Drosophila sperm to NaF res ted in a slight decrease in 
fertility. Weinstein et al (1973) found that the growth, 
development, reproduction, mobility and feeding of Mexican 
bean beetles were adversely affected when they were fed on 
beans fumigated th hydrogen fluoride. 
It therefore appears that fluoride accumulation in insects 
may cause a number of changes to insect populations, becoming 
another select pressure. This may cause changes as 
intolerant genotypes of species are reduced in importance 
and as niches are created for tolerant genotypes and species 
capable of rapid genetic response to this selection pressure. 
Fluoride in air 
No data are publicly available regarding ambient-fluoride 
concentrations on Kooragang Island. However, the State 
Pollution Control Commission has measured ambient-fluoride 
concentrations at Stockton and Fern Bay since December 1973 
(SPCC 1979). The results of this monitoring show winter 
peaks of ambient-fluoride levels. Higher levels are measured 
at Stockton than at Fern Bay, and approximately one-third of 
the total fluoride is in gaseous form and two-thirds partic-
ulate. Table ll shows the observed ambient-fluoride 
concentrations at Stockton and Fern Bay since monitoring 
began. It should be noted that most of the Stockton annual 
means exceed a number of ambient-fluoride standards used 
overseas, including the Canadian Standard, which provides 
for maximum acceptable limits for hydrogen fluoride of 0.2 
~gjm3 as a 70-day standard, 0.35 pgjm3 for 30 days, 0.55 
pg/m3 for 7 days and 0.85 pg/m3 for 24 hours (R J Powell 






Annual Means of Monthly Values of Ambient-
Fluoride Concentrations at Stockton and Fern 
Bay (State Pollution Control Commission 1979) 
1974 1975 1976 1977 1978 
0.24* 0.75 0.75 0.45 0.62 
0.16 0.29 0.34 0.25 0.29 
*total fluoride in pg HF/m3 
Sidhu (1978) has reported threshold levels of fluoride 
concentration in air for plant injury of 0.2 pg F/m3 for 
conifers and 0.4 pg F/m3 for deciduous broadleaf trees 
growing around an emission source in Newfoundland. Marier 
and Rose (1971) suggested a threshold level of 0.4 pg/m3, 
and Adams et al (1956) found foliar injury to Pinus ponderosa 
and Gladiolus at an atmospheric-fluoride concentration of 0.5 
parts per billion (0.43 pg F/m3). Consequently, the 
ambient-fluoride concentrations reported at Stockton are 
consistent with foliar injury to the vegetation of the area. 
It is to be expected that the greatest vegetation damage 
would occur in areas closer to the emission sources than 
Stockton, and parts of Kooragang Island would come into this 
category. 
Fluoride in soils 
Soils collected from the sites on Kooragang Island and at 
Turkey Farm and Karuah were analysed to determine the 
fluoride content of the water-soluble extract, which contains 
fluoride previously adsorbed on the soil colloid surfaces. 
This fluoride is only loosely retained, and replacement of 
F- by oH- ions is possible (Bower and Hatcher 1967). 
Acid extraction would also remove this fraction, and would 
also hydrolyse the soil organic matter responsible for 
fluoride chelation. The water-extraction method was 
therefore chosen as the best method of measuring the soil 
fluoride readily available to plants. However, the extraction 
of fluoride by any given solvent provides, at best, only an 
estimate of the "available" fluoride, and the data obtained 
may only be meaningful when comparing soils of similar 
characteristics. 
The data for the water-soluble fraction of the fluoride 
content of soils at the study sites are represented in 
Figure 6. 
The observed values for water-soluble fluoride at these 
sites fell within the range of values reported in the 
literature. Sidhu (1979) reported the available fluoride in 
soil humus around a phosphorus plant in Newfoundland as 
being 9.7 pg F/g dry weight of soil in spring and 60.2 pg 
F/g in autumn at 0.7 km, falling to 1.9 pg F/g in spring and 
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Figure 6 Fluoride Content of Water Soluble Extracts of Soil on Kooragang Island 
and Karuah 
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and Reinaudi (1979) found soil concentrations of water-soluble 
fluoride to be between 0.53 and 8.33 pg F/g dry weight of 
soil in surface samples of salt-affected soils in Argentina, 
with mean values of 5.53 pg F/g in alkaline soils, 2.68 pg 
F/g in saline soils and 0.14 pg F/g in normal soils. 
The water-soluble fluoride concentrations at some of the 
sites on Kooragang Island were considerably higher than the 
values from the control sites used in this study and in the 
literature. The elevation of fluoride values in the soils 
in Kooragang Island would appear to result from the wet and 
dry deposition of airborne fluorides onto the soil surface. 
It may be expected that most of the soluble fluoride 
measured would result from the deposition of gaseous 
fluorides, although some particulate fluorides may have 
released water-soluble salts as a result of weathering and 
may hence have made a contribution to the fluorides measured. 
In addition, the scientific literature (eg, Weinstein 1977) 
reports that after plant uptake most of the fluoride remains 
in a freely available form. It is therefore possible that 
dead plant material with an elevated fluoride content, after 
being deposited on the soil surface and undergoing physical 
and chemical breakdown by the soil flora and microflora, may 
enrich the surface layers of the soil with "available" 
water-soluble fluoride. In this way true fluoride cycling 
may result. In opposition to this argument, it may be 
expected that free ions of calcium, magnesium and manganese 
would reduce the amount of available fluoride by producing 
insoluble or sparingly soluble salts. In addition, humus 
has been reported to chelate soluble fluoride, and clay may 
bind fluoride within the lattice. 
While this question will not easily be resolved, the presence 
of soluble or insoluble fluoride on the soil surface has 
important biological consequences. The elevated soil 
fluoride levels demonstrated in this study may be associated 
with the elevated fluoride concentrations found in wildlife. 
The gastropod Salinator salida, for example, would feed on 
soil-surface materials and would consequently ingest partic-
ulate and gaseous fluorides deposited on or adsorbed to 
the soil surface in the salt marsh. The house mouse, Mus 
musculus, may ingest soil-derived fluoride both direct~ 
through preening and indirectly through feeding on insects 
which have directly taken up fluorides deposited on the soil 
surface. It may also be expected that the high water-soluble 
fluoride concentrations in some soils are responsible for 
the high fluoride concentrations found in soil invertebrates 
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CONCLUSIONS 
The value~ reported for fluoride in the vegetation of 
Kooragang Island lead to the suggestion of fluoride flow to 
other elements of the environment. A simple model of some 
of the major terrestrial fluoride transfers is presented in 
Figure 7. Environmental transfer of fluoride occurs along 
the paths outlined, and it is clear from the diagram that 
soil has a major importance. The high values of water-soluble 
fluoride in soil found at some Kooragang Island sites is 
therefore a source of concern. Water--soluble fluoride 
concentrations of greater than 10 pg F/g dry weight may have 
major biological impacts, including reductions in the 
population size and speciation of soil fauna and flora. 
In turn, due to the inhibition of physical and chemical 
breakdown of plant litter, nutrient flows may be reduced. 
This may then lead to increased nutrient loss from the 
environment by physical mechanisms such as wind action, 
sheet erosion and fire. Over a period of time the outcome 
of these processes would be a decrease in biomass and a 
reduction in the ecological value of the site. An indication 
that soil fauna is accumulating fluoride is provided by the 
data on fluoride concentrations in slaters collected from 
site 2 (Appendix). These organisms live in the soil and 
feed on decomposing vegetation, and have accumulated enormous 
quantities of fluoride from their environment. 
It is usually argued that there is little fluoride uptake by 
vegetation from soils which have been subjected to fluoride 
deposition. This argument is based upon the large capacity 
of most soils to bind fluoride or otherwise to render it 
insoluble or in a form not readily available to plants. 
However, many of the soils studied in this report do not 
have these qualities. The binding capacity of most of the 
soils analysed is low, and fluoride is therefore capable of 
remaining in a form which is water-soluble and thus very 
readily available for root uptake. This situation is 
undoubtedly associated with the fact that most of the soils 
collected were skeletal and not well developed, bearing 
little organic matter. They would also be readily leached 
of many of the factors which could be expected, in other 
situations, to bind fluoride. It has been reported that 
fluorides taken up by leaves remain in a water-soluble form 
(Weinstein 1977), so leaf decomposition should release 
significant quantities of available fluorides. Some of the 
sites in this study, including those showing the highest 
fluoride concentrations, were around an emissions source 
which releases only gaseous fluorides, which may be deposited 
on the soil surface after dissolution in moisture in the air 
or by direct interaction of the gas molecules with the soil 
surface. The elevated fluoride concentrations observed in 
Salinator salida, which grazes on the soil-surface micro-
organisms, may reflect this fluoride-deposition pattern. 
le 
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The major means of fluoride uptake by vegetation, however, 
is undoubtedly leaf uptake. Species at sites exposed to 
higher air-fluoride concentrations and to air flows sufficient 
to reduce the leaf boundary-layer resistance show greater 
fluoride concentrations than the same species at sites with 
lower air-fluoride levels and lesser air flows. Since 
adaptations to reduce air flow reduce fluoride uptake, 
subordinate vegetation has lower fluoride concentrations 
than the dominant species, and mesophytic vegetation has a 
higher fluoride concentration than halophytic vegetation of 
the same stratum. 
The fluoride concentrations found in vegetation in this 
study are consistent with damage to even the most fluoride-
tolerant vegetation. Leaf and bark damage was observed in 
the field. It is likely that simplification of the wetland 
vegetation is occurring around the fluoride-contaminated 
sites, and this is likely to have adverse consequences on 
the stability of the plant communities and the ecosystem. 
Large communities of boneseed, Chrysanthemoides moniliferum, 
which was introduced from Africa, can be found near the 
study sites While this species commonly grows in this 
environment at relatively unpolluted sites, its establishment 
is eased by disturbances to the existing plant communities. 
It shows no evidence of fluoride damage on Kooragang Island, 
even at the most polluted sites. 
Insects also show elevated fluoride concentrations, the 
effects of which may become manifest in a number of ways. 
Because of the rapid turnover of insect populations, the 
effects of fluoride on insect numbers or speciation may be 
overcome, in some species at least, by the replacement of 
fluoride-intolerant individuals by tolerant individuals 
through the means of natural selection. However, reductions 
in insect numbers or speciation may result directly or 
indirectly from fluoride fumigation. These changes may 
reduce the fertilization of flowering plants relying on 
insects for pollination. Fluoride fumigation may also lead 
to reduced stability in insect populations, causing exaggerated 
fluctuations in insect numbers with certain species reaching 
population sizes which destroy areas of valuable vegetation. 
Increased concentrations of fluorides in insects may also 
lead to serious consequences for wildlife feeding upon 
insects. The high fluoride concentrations found in the 
bones of Mus musculus may be associated with elevated 
fluoride concentrations in insects, vegetation and soils, 
the last source being ingested through preening and contamin-
ation of feed. The presence of Mus musculus in the numbers 
trapped and the general absence of other species from 
traps also indicate a degree of disturbance in the environment. 
It is likely that the fluoride concentrations found in Mus 
musculus would have physiological consequences in addition 
to ecological consequences. It may be speculated that the 
physiological consequences would be similar to those 
described by Suttie (1977) for cattle, including lesions of 
the teeth and bones, stiffness, lameness, impaired appetite 
and reproductive potential. None of these symptoms was 
looked for in this study. 
38 
It is possible that animals which rely on insects and small 
mammals for a substantial part of their diet could also have 
accumulated fluoride to a degree which would have physio-
logical consequences. No attempt was made to study this 
possibility, but it could prove to be a rewarding area for 
further investigation. 
On the analyses undertaken in this study, the fluoride 
concentration in the bones of the pelican, Pelecanus 
conspicillatus, are within the range reported in overseas 
studies 1or other bird species with similar feeding habits. 
It is assumed that marine life is not affected by fluoride 
emissions in the area studied, owing to the dilution factor 
presented by the marine environment. Feeding on elements of 
the marine environment, the pelican would not be expected to 
receive elevated fluoride concentrations in its diet. 
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APPENDIX 
Fluoride in invertebrates 
Fluoride 
Common Name Order Family content I 
' (pg F/g dry weight) 
Carnivores 
Site 1 K53 Spider Araneida Zodariidae 63 
K33 Fly Diptera 24 
K26 Ground Beetle Coleoptera Carabidae 11 
K38 Spider Araneida Lycosidae 20 
Site 2 K52 Spider .f\,raneida Lycosidae 126 
Kl8 Fly Diptera 80 
K23 Ground Beetle Coleoptera Carabidae 27 
AFC K 8 Preying Mantis Orthoptera Mantidae 9 
Karuah K57 Preying Mantis Orthoptera Mantidae 7 
K28 Fly Diptera 1 
K25 Ground Beetle Coleoptera Carabidae 8 
K35 Spider Araneida Lycosidae 10 
Omnivores 
Site 2 Kl3 Ant Hymenoptera Formicidae 55 
K20 Cockroach Blattodea Blattidae 51 
AFC K 7 Ant Hymenoptera Formicidae 37 
K 9 Click Beetle Coleoptera Elateridae 32 
K30 Click Beetle Coleoptera Elateridae 19 
KlO Cylindrical Coleoptera Colydiidae 11 
Bark Beetle 
Karuah K34 Cockroach Blattodea Blattidae 4 
K29 Click Beetle Coleoptera Elateridae 4 
Herbivores 
Site 1 K54 Grasshopper Orthoptera Acrididae 5 
K37 Moth Lepidoptera 8 
Site 2 Kl9 Mole Cricket Orthoptera Gryllotalpidae 12 
K55 Grasshopper Orthoptera 10 
K22 Weevil Coleoptera Curculionidae 43 
K24 Scarab Beetle Coleoptera Scarabaeidae 15 
K 6 Slater Isopod a Armidillididae 881 
Kl2 Slater Isopoda Armidillididae 982 


















Common Name Order 
Mole Cricket Orthoptera 
Mole Cricket Orthoptera 




True Bug Hemiptera 
Earwig Dermaptera 
Mole Cricket Orthop'tera 
Mole Cricket Orthoptera 
Mole Cricket Orthoptera 
Grasshopper Orthoptera 
Moth Lepidoptera 
Scarab Beetle Coleoptera 
Moth Larva Lepidoptera 
Slater· Isopoda 
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